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Abstract
In this research, two motor-manual felling & processing methods were compared, assortment 
and half-tree length, in beech stands. Investigation was done in two compartments in the north-
ern part of Bosnia and Herzegovina (B&H), where four sample plots were chosen that differed 
by felled tree diameter and harvesting method. On the sample plots A1 and B1 assortment har-
vesting method was performed and on the sample plots A2 and B2 half-tree length method. In 
the study, 318 trees were felled in total, of which 163 by the assortment method and 155 by the 
half-tree length method. With the increase of DBH, productivity was constantly increasing and 
it was higher when the half-tree length method was applied than the assortment method. The 
main reason why half-tree length was more productive was the fact that some working operations, 
like production and stacking of fuel wood, were avoided or minimized.




method	was	 higher	 than	 that	 of	 the	 cut-to-length	
method.	Damage	to	the	residual	stand	in	the	cut-to-
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Ghaffariyan	 and	 Sobhany	 2007,	 Ghaffariyan	 et	 al.	
2013).	Notably,	the	back	cut	has	the	highest	share	of	
the	felling	time,	and	delay	times	account	for	about	
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Table 1 Research site description
Stand description Felling site A (Sample plots A1 and A2) Felling site B (Sample plots B1 and B2)
Method A1 – assortment; A2 – half-tree length B1 – assortment; B2 – half-tree length
Subcompartment 98a, Management Unit »Potoci – Resanovača« 65a, Management Unit »Šiša – Palež«
Altitude, m above sea level 970–1150 690–1230
Inclination, ° 15–30 15–30
Exposition S–SE W–NW
Geologic surface Limestone, medium or deep rocky land Limestone and dolomite, medium or deep rocky land
Climate Mountain, humid Mountain, humid
Stand
Beech and fir forests with spruce on a series of limestone, 
predominantly deep soil (Picea-Abieti-Fagetum)
High beech forests on predominantly deep limestone 
and illimerised soil (Fagetum montanum illyricum)
Site index 3 2
Canopy Dense (0.7) Dense (0.8)
Management system Group-selection Group-selection
Growing stock, m3/ha 513.72 343.74
Cutting intensity, % 14.53 20.94
Average diameter of marked tress 21 cm 35 cm
Regeneration Medium dense Medium dense
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Fig. 1 DBH distribution of felled trees








Mean Min. Max. Std.Dev. Mean Sum % Mean Sum % Mean Sum %
A1
Assortment
113 30 9 54 8.39 0.124 14.001 15.53 0.705 76.172 84.47 0.798 90.173 100
B1 50 49 23 78 15.78 0.643 32.149 17.13 3.173 155.500 82.87 3.762 187.649 100
A2 Half-tree
length
110 27 10 49 7.47 0.072 1.362 1.95 0.629 68.593 98.05 0.636 69.955 100
B2 45 50 18 69 13.39 0.288 12.942 8.12 3.256 146.530 91.88 3.544 159.472 100
∑ – 318 – – – – – 60.454 – – 446.795 – – 507.249 100
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Table 3 Characteristics of produced roundwood
Sample plot Mean Min. Max. Std. dev.
Number of assortments per tree
A1
Assortment
2.30 1.0 6.0 1.52
B1 1.81 1.0 7.0 0.92
A2
Half-tree length
6.23 1.0 12.0 3.03
B2 4.77 1.0 12.0 2.57
Average diameter of assortments, cm
A1
Assortment
25.73 13.0 51.0 7.22
B1 20.01 8.0 46.0 6.89
A2
Half-tree length
34.83 12.0 79.0 16.23
B2 26.90 10.0 61.0 13.81
Average length of assortments, m
A1
Assortment
5.16 1.0 9.0 1.72
B1 8.83 3.8 14.5 2.09
A2
Half-tree length
4.95 1.0 9.0 1.68
B2 8.66 1.6 18.0 3.23
Average volume of assortments, m3
A1
Assortment
0.262 0.032 1.079 0.13
B1 0.319 0.035 1.594 0.26
A2
Half-tree length
0.501 0.054 2.694 0.45
B2 0.691 0.028 3.505 0.80
Table 4 Regression summary for effective time per tree
N=318
Regression Summary for dependent variable: min/tree 
R=0.88, R2=0.78, Adjusted R2=0.78
F(3.314)=366.80, p<0.0000, Std. error of estimate: 7.397
b Std. err. of b b Std. err. of b t(314) p-value
Intercept – – –16.0588* 2.137513* –7.51283* 0.000000*
Felling site –0.052280 0.036335 –1.7820 1.238457 –1.43885 0.151188
Method 0.232889* 0.026665* 7.2688* 0.832261* 8.73380* 0.000000*
DBH 0.799484* 0.036408* 0.8719* 0.039706* 21.95914* 0.000000*
* Significant at p<0.05
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plying	 the	 assortment	method	was	 stacking	of	 fuel	















3.4 Analysis of influencing factors on time 







ed	 with	 regression	 equations.	 In	 work	 operations,	
where	 no	 significant	 dependences	were	 evidenced,	
mean	values	were	used	for	productivity	calculations.
Table 5 Regression summary for net volume per tree
N=318
Regression Summary for dependent variable: m3/tree
R=0.94, R2=0.88, Adjusted R2=0.88
F(3.314)=785.87, p<0.0000, Std. error of estimate: 0.649
b Std. err. of b b Std. err. of b t(314) p-value
Intercept – – –1.78630* 0.187694* –9.51709* 0.000000*
Method 0.004242 0.019402 0.01598 0.073080 0.21865 0.827061
DBH 0.828727* 0.026491* 0.10907* 0.003487* 31.28351* 0.000000*
Felling site –0.152354* 0.026438* –0.62669* 0.108748* –5.76275* 0.000000*
* Significant at p<0.05
Fig. 2 Net wood volume per tree
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and	Preparing of work place	did	not	show	significant	
difference	from	any	examined	variables	and	all	other	
work	operations	depended	from	DBH	(Table	9).







Table 6 Descriptive analysis of work time
Working methods Assortment method Half-tree length method
Work operations
Sum Mean Minimum Maximum Sum Mean Minimum Maximum
Min. min/tree Min. min/tree
Moving 348.26 2.14±1.53 0.13 8.23 279.72 1.81±1.07 0.35 5.23
Preparing of work place 123.33 0.76±1.04 0.03 7.38 71.59 0.46±0.73 0.08 4.80
Felling 234.23 1.44±1.18 0.12 6.98 187.87 1.21±0.78 0.10 3.37
Delimbing 723.69 4.44±3.37 0.30 18.63 645.38 4.16±3.07 0.67 21.08
Processing 398.42 2.44±4.19 0.12 35.35 148.44 0.96±1.81 0.12 8.85
Production of fuel wood 615.66 3.78±3.45 0.17 19.27 176.47 1.14±2.01 0.20 10.35
Stacking of fuel wood 1025.53 6.29±7.17 0.42 35.00 403.82 2.61±7.11 0.33 40.00
Productive work time, min 3469.12 1913.29
Allowance time, min 1050.32 589.43
Allowance time, % 30.28 30.81
∑ Total, min 4519.44 2502.72
Table 7 Relative share of work operations in total and productive work time
Working methods Assortment method Half-tree length method Assortment method Half-tree length method
Work operations % of productive work time % of total work time
Moving 10.04 14.62 7.71 11.18
Preparing of work place 3.56 3.74 2.73 2.86
Felling 6.75 9.82 5.18 7.51
Delimbing 20.86 33.73 16.01 25.79
Processing 11.48 7.76 8.82 5.93
Production of fuel wood 17.75 9.22 13.62 7.05
Stacking of fuel wood 29.56 21.11 22.69 16.14
∑ 100 100 76.76 76.45
Allowance time, % 30.28 30.81 – –
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Moving 158 Distance, m – No significance 0.04 0.02 0.849 1.54
Preparing of work place 130 DBH, cm – No significance 3.93 0.17 0.049 1.03
Felling 161 DBH, cm Quadratic 0.3810 –0.0075 0.0009 315.30 0.82 0.000 0.69
Delimbing 162 DBH, cm Linear –2.1889 0.1794 – 384.04 0.84 0.000 1.83
Processing 127 DBH, cm Quadratic 0.2109 –0.0699 0.0031 234.61 0.81 0.000 2.48
Production of fuel wood 161 DBH, cm Quadratic 1.2539 –0.0215 0.0021 203.89 0.75 0.000 2.29
Stacking of fuel wood 156 DBH, cm Quadratic 1.8507 –0.1583 0.0068 430.71 0.86 0.000 3.69










Moving 155 Distance, m – No significance 8.97 0.23 0.003 1.04
Preparing of work place 91 DBH, cm – No significance 2.14 0.15 0.147 0.72
Felling 155 DBH, cm Linear –0.4833 0.0490 – 565.73 0.89 0.000 0.36
Delimbing 154 DBH, cm Linear –1.4454 0.1600 – 293.90 0.81 0.000 1.80
Processing 100 DBH, cm Quadratic 0.5013 –0.0618 0.0031 260.80 0.85 0.000 0.95
Production of fuel wood 59 DBH, cm Linear –1.4280 0.0904 – 55.68 0.70 0.000 1.44
Stacking of fuel wood 51 DBH, cm Quadratic 0.0264 –0.0916 0.0068 41.65 0.68 0.000 5.28
Fig. 3 Standard times for felling sites and methods
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ing	method	was	 higher	 on	 the	 sample	 plots	with	
smaller	 average	 tree	diameter.	 The	 reason	 for	 that	
could	be	 that	 thicker	 trees	have	a	relatively	higher	
amount	of	branches	above	7	cm	diameter	from	which	
stacked	wood	is	produced.	The	average	number	of	as-
sortments	 per	 tree	was	 smaller	 in	 half-tree	 length	



















quality,	 which	 are	 inputs	 for	 wood	 classification.	
When	 the	 half-tree	 length	method	 is	 applied,	 the	
length	mostly	depended	on	the	skidding	options.	The	
density	of	remaining	trees	was	the	limiting	factor	in	
Fig. 4 Unit costs for felling sites and methods
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